We investigate the effects of credit ratings-contingent financial regulation on foreign bank lending behavior. We examine the sensitivity of international bank flows to debtor countries' sovereign credit rating changes before and after the implementation of the Basel 2 risk-based capital regulatory rules. We study the quarterly bilateral flows from G-10 creditor banking systems to 77 recipient countries over the period Q4:1999 to Q2:2013. We find direct evidence that sovereign credit re-ratings that lead to changes in risk-weights for capital adequacy requirements have become more significant since the implementation of Basel 2 rules for assessing banks' credit risk under the standardized approach. This evidence is consistent with global banks acting via their international lending decisions to minimize required capital charges associated with the use of ratings-contingent regulation. We find evidence that banking regulation induced foreign lending has also heightened the perceived sovereign risk levels of recipient countries, especially those with investment grade status.
Introduction
The 2007 -2008 highlighted the inadequacies of the financial regulatory architecture that had been in place and sparked a renewed interest in reforming banking regulation worldwide. This interest motivates a need to better understand the effects of the ratings contingent regulatory environment on global banks' lending behavior as credit rating agencies have been used increasingly by regulators as delegated information intermediaries for regulatory purposes (Opp, Opp and Harris, 2013) . Credit ratings are most visibly used in determining minimum bank capital requirements under the Standardized Approach to Credit Risk (Pillar 1) within the Basel 2 Accord, agreed to in 2004 by the regulators of the world's most active banks in G-10 countries. 2 The growth of international banks' foreign claims climbed to a peak of 34 trillion dollars in 2007 before the GFC and became an important source of financing as banks became increasingly globalized and risks became more readily transmitted across borders (Cetorelli and Goldberg, 2014) . Thus, it is critical to examine the effects of the regulatory environment on this credit channel in preparation for on-going regulatory reforms with regards to assessing minimum bank capital requirements.
In this study, we use the implementation of the Basel 2 capital rules by G-10 countries as a natural experiment to investigate the effects of ratings-contingent banking regulation on international lending behavior. 3 From a regulatory perspective, we are interested in the channel through which exogenous changes in risk-weights induced by sovereign credit rating changes under the Basel 2 accord may affect sovereign credit risk levels. We study the bilateral flows from the 11 major creditor banking systems (in the G-10) to borrowers in 77 recipient countries over the period 2 The revised Basel 2 accord was an attempt to level the playing field and push convergence in capital standards for banking systems around the world as internationally active banks became more complex in their activities. The Basel Committee on Banking Supervision (BCBS) published a recommended regulatory framework consisting of three pillars of banking regulation. Pillar 1 specifically developed guidelines for the measurement of regulatory capital and riskweighted assets. However, Basel 2 serves only as a recommended framework and national prudential regulators could choose when to implement the rules within their domestic banking systems. Furthermore, larger banks also had the option of utilising their own internal rating based (IRB) approaches for calculating capital requirements. 3 The Group of 10 (G-10) countries represent the most advanced and economically developed countries in the world and was formed post-World War 2. The original 10 members of this group are Canada, France, Germany, Italy, Japan, United Kingdom, United States, Belgium, Netherlands and Sweden. The group was subsequently expanded in 1964 to include Switzerland as the 11 th member but retained the 'G-10' name.
from Q4:1999 to Q2:2013. Our study is important and timely given the debates surrounding the reliance on ratings-contingent risk-weightings for assessing credit risk and the continued need to risk-weight bank assets in the revised but as yet to be implemented Basel 3 guidelines which require a higher capital charge of 10.5% of risk-weighted assets and place new emphasis on a bank's capital adequacy in times of financial crises (Acharya et al., 2012; Flannery, 2014) . Hence, credit ratings hold the utmost importance for a global bank's capital management and affect banks' lending decisions and ultimately the credit supply in the international financial system. Hence, in this study we examine the effect of sovereign credit re-ratings on international bank flows before and after the ratings contingent banking regulation came into effect under the reforms made in the Basel 2
Accord.
It is important to understand the behavior induced by ratings-contingent regulation as it can potentially create perverse incentives for banks to engage in correlated asset choices ex ante and thus hold little equity capital (Acharya et al., 2012) . Specifically, there is a risk that ratingscontingent regulation can induce banks to over-weight their lending portfolios to sovereign borrowers with relatively low risk weights for regulatory capital charge purposes. Consistent with this idea, Acharya and Steffen (2014) show that the under-capitalized European banks had engaged in regulatory arbitrage and exploited the low risk weighting of peripheral European sovereigns under Basel 2 and also the Capital Requirements Directive within the European Union. They revealed that European banks strategically borrowed from wholesale short-term funding markets to fund purchases of higher yielding sovereign bonds issued by GIIPS governments in the lead up to the European Debt Crisis. Our study is timely and necessary given that international banks' exposures to the public sector via holdings of sovereign bonds have created global instability in recent years.
Under the current financial regulatory structure, credit rating agencies (CRAs) serve a public function. They play a crucial regulatory role in the international financial system due to the reliance on their credit ratings for regulatory purposes. The role of CRAs in financial regulatory frameworks 4 has expanded in recent decades, especially as a result of an international agreement initiated by the G-10 countries to assess the riskiness of bank portfolios and to set capital requirements accordingly.
This formed the basis of the Basel 2 Accord and sought to better align regulatory capital standards with actual risks taken by banks. A key justification for the incorporation of rating agencies' credit assessments was the belief that they offered a more dynamic approach that better linked capital adequacy to credit risks than did the simpler regulatory practices of basing capital requirements on either a fixed percentage of total assets or the economic development of countries proxied by OECD membership -the approaches in the earlier Basel 1 Accord, which allowed for much less differentiation in the credit risk of financial institutions. The benefits of using ratings-contingent regulation include the reduction in regulation costs and greater efficiency and objectivity. On the other hand, there are potential costs in terms of the well-known deficiencies of agency credit ratings, such as the pro-cyclical and backward looking nature of the ratings assessments. The amount of economic capital that institutions are required to hold to guard against insolvency would change as the credit assessments made by rating agencies on their asset holdings are updated.
This study addresses four key research questions.
(1) Have sovereign credit rating revisions become more important since the implementation of Basel 2 capital rules? (2) Did the introduction of risk-weights for minimum capital measurement under Basel 2 directly increase the sensitivity of international bank flows to recipient countries' sovereign credit rating changes? (3) Are international bank flows to sectors in which risk-weights are explicitly based on sovereign credit ratings relatively more sensitive to sovereign credit rating changes than other sectors? (4) Did regulatory-induced lending impact market views on debtor countries' sovereign credit risks?
This study contributes to the extant literature on the role and transmission of bank regulation in cross-border lending. However, it presents a significant departure from the prior research that focuses only on the pulling forces of recipient countries' less stringent domestic financial regulations in attracting aggregate international bank flows (Houston, Lin and Ma, 2012) . It also deviates from the country-specific study on UK banks by Aiyar et al. (2014) that examines how 5 changes in capital requirements in the creditor banking system can spillover to affect other countries by restricting their access to foreign credit supply. Similarly, Adelino and Ferreira (2014) show that sovereign rating downgrades in the creditor system can also curb bank lending abroad. In contrast, this study highlights the changes in international credit supply brought on by the explicit use of credit ratings in global banking regulation introduced under the Basel 2 regulatory framework and assesses the ramifications of the adoption of this regulatory regime for international lending decisions around the world. One of the consequences is the risk of fiscal profligacy as regulatory capital incentives can potentially increase both the demand for and the supply of sovereign debt. To date, there has been a dearth of attention paid to understanding how the financial regulatory environment has influenced sovereign risk levels through the foreign credit supply channel despite a growing awareness of the adverse feedbacks between banks and sovereigns (Acharya, Drechsler and Schnabl, 2014; Gennaioli, Martin and Rossi, 2014) .
The bank-sovereign nexus became alarmingly clear during the onset of the European Debt
Crisis. In April 2012, German and French banks together held over 66% of cross border bank claims against Italy (the figures are 60%, 45%, 31% and 31% for Greece, Spain, Portugal and Ireland, respectively, based on the BIS' consolidated banking statistics). It has been evident that when there are significant sovereign credit rating downgrades there can be considerable negative cross-border spillovers of sovereign credit risk as the lending international banks' capital adequacy ratios deteriorate. The two most recent financial crises have illustrated only too well the intricate relationship between the government and financial sectors and the significant amplification effects of the two during periods of financial instability (Bolton and Jeanne, 2011) . In light of the European sovereign debt crisis caused by European banks' carry trade risk taking behavior (Acharya and Steffen, 2014) , understanding the feedback between banks' and governments' actions is of vital importance in resolving the current debt crisis and in avoiding future ones; as Reinhart and Rogoff (2011) show, there are adverse consequences from debt accumulation for economic growth.
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We find that the influence of sovereign credit ratings has increased for all borrowing countries since the implementation of Basel 2 capital rules. Credit rating movements leading to risk-weight changes now exert a more significant effect on international lending decisions by global banks postBasel 2, consistent with creditor banks responding to the incremental regulatory capital charges resulting from credit rating revisions. Furthermore, bank flows to the banking sector borrowers in investment grade countries are shown to be more sensitive to rating changes during creditor country-specific post-Basel 2 periods. In addition, we report a significant increase in sovereign credit risk, as measured by sovereign CDS spreads, as a result of bank flows moving in response to risk-weight changes during post-Basel 2 periods for investment grade borrowers.
In general, we find evidence to suggest that ratings-contingent regulation has: (1) worked to increase bank lending to sovereigns in response to favorable rating changes; and (2) heightened market perception of sovereign risks in recipient countries consistent with the "bailout view". That is, governments are likely to provide costly bailouts for their own troubled banks as they become more indebted from foreign interbank lending and their own weakened financial strength from government borrowing. Furthermore, the reduction in the value of sovereign debt held by the lending banks further amplifies sovereign risks. Overall, we find that ratings-contingent regulation may have indirectly contributed to higher sovereign risks via the foreign bank financing channel to debtor countries. Hence, there is evidence that banks failed to provide a market disciplining role for sovereign fiscal governance as sovereign credit risks have increased in response to regulationinduced international bank flows. Overall, this study advances current knowledge on recent banking sector developments in the global financial system and on the use of credit ratings in financial regulation. There are clear implications arising from our findings to guide policy makers on how the international financial architecture should be reformed going forward without denying borrowers access to international bank financing.
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The paper is organized as follows. Section 2 will detail the related literature. Section 3 will discuss the data used and Section 4 will detail the empirical models used. Section 5 will provide a discussion of the key results. Finally, Section 6 concludes.
Related literature
Our paper contributes directly to the extant literatures on the use of ratings-contingent financial regulation and the determinants of cross-border bank lending. We briefly review these two strands of literature related to our study.
Use of Credit Rating Agencies (CRAs)
The use of credit ratings in banking regulation has received much interest since the GFC. Whilst the literature generally finds that CRAs are active monitors and the credit ratings they provide serve important functions as information anchors within financial systems (Boot et al., 2009) Although most banks meet the minimum regulatory requirements, this ratings contingent regulation will induce strategic behavior in profit maximizing banking institutions given there is a significant opportunity cost in having to hold regulatory capital.
Much has been discussed on the pro-cyclical effects of using credit ratings provided by CRAs (Altman, Bharath and Saunders, 2002; Lowe, 2002) . CRAs are shown to be slow in updating their credit assessments and employ a rating through the cycle approach meaning that they will not revise credit ratings until they are convinced that there is a permanent change in the credit quality of a borrower. This slow response of the CRAs to changing conditions results in tardy rating changes given market perceptions. This is understood to amplify the boom-bust cycle as CRAs usually provide downgrades (upgrades) late in the piece during economic downturns (booms) and this works to prolong the periods of bust (boom). However, to date there has been little empirical evidence on the effects of ratings contingent banking regulation and the special zero risk status given to sovereign debt holdings of high credit quality. Hence, we contribute new knowledge to this literature by examining whether there has been a structural shift in how banks have conducted cross-border lending since the official implementation of the Basel 2 standardized framework in their home countries.
Determinants of cross-border bank lending
There is a well-established literature documenting the drivers of international bank flows.
Geographical distance between countries, the size of countries and/or economies, common culture and institutional arrangements are typically shown to influence cross-border lending activities (e.g., Buch, 2003 , Buch et al. 2011 , Buch et al. 2013 , Kleimeier, Sander and Heuchemer, 2013 , 9 Papaioannou, 2009 , DeHaas and Van Horen, 2013 ). However, recently Houston, Lin and Ma (2012 have reported that there is much incentive for international banks to engage in regulatory arbitrage when they are based in countries where banks are more tightly regulated whereas Aiyar et al. (2014) have shown that changes in capital requirements can affect the supply of foreign lending abroad.
In an extension of earlier works that show that sovereign credit ratings and the regulatory environment have significant influences on foreign bank financing, Acharya and Steffen (2014) demonstrate that European banks exploited the low risk weights on sovereign debt holdings in both the lead up to and during the European Debt Crisis and borrowed from wholesale money market funds to lend increasing amounts to governments in peripheral Eurozone countries (Greece, Italy, Ireland, Portugal and Spain: the GIIPS) in a carry-trade strategy. They suggested that regulatory capital arbitrage by European banks was at the heart of the European Debt Crisis. On the other hand, Gianetti and Laeven (2012) showed that there was a global flight home effect during the GFC when global risk appetite waned.
In this study we provide comprehensive international evidence, especially from G-10 creditor countries, on the impact of the ratings-contingent regulation on the sensitivity of banks international lending behavior across investment grade thresholds to sovereign credit ratings information provided by independent credit rating agencies. Furthermore, we address whether regulatory induced lending to investment grade debtor countries has worked to increase sovereign credit risks.
Data
We employ the consolidated international banking statistics collated by the Bank for International Settlements (Table 9B , consolidated banking statistics, BIS) on the immediate borrower basis. To date, this is the most comprehensive dataset on international banking claims as it covers the largest number of countries and is available on a sectorial and bilateral level. This data captures the claims of banks located in source countries against all major sectors within a recipient country at a quarterly frequency. We study the sample period from December quarter 1999 to June quarter 2013 June quarter (Q4:1999 June quarter -Q2:2013 as this is the longest period for which banks' quarterly holdings are available for our sample of G-10 creditor countries. We closely examine a panel data set on cross-border bank flows from G-10 creditor countries to 77 debtor countries from all major geographical regions around the world as shown in Table 1 . For robustness estimations, we also use propriety BIS data on foreign exposures with sectorial disaggregation of borrowers for a sub-sample test from Q1:2005 to Q2:2013 (Table 9E consolidated banking statistics, BIS) and only for 5 lender countries (Italy, Japan, the U.K., the U.S. and Sweden).
Our first dependent variable is the bilateral bank flows calculated as 100 times the log difference in total foreign claims in a recipient country for a given source country, between quarter t-1 to t. Foreign claims is the broadest definition for cross-border lending and incorporates both loans from banks' headquarters to borrowing countries and the local currency loans made by bank subsidiaries in foreign jurisdictions (see BIS, 2003) . To the best of our knowledge, this is the longest time period over which international bank flows have been studied on a quarterly basis.
The dates from which the Basel 2 standardized approach came into effect in each G-10 country varied widely. Hence, we exploit the differences in the timing of the adoption of the Basel 2 rules across creditor countries in our empirical strategy to identify changes in these banks' crossborder lending behavior before and after credit ratings regulation came into play. We dated the We use long-term sovereign credit ratings on foreign currency denominated debt from the 3 major CRAs -Standard and Poor's, Moody's and Fitch as the credit ratings provided by these external information intermediaries are all allowed to be used for determining risk weights under Basel 2. As alternative proxies for sovereign credit risk, we use sovereign credit default swap
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(CDS) spreads from the Markit Group, as they represent the market price (risk premia) for sovereign default risk. We use sovereign CDS spreads for the 5 year maturity segment. 6 We also include various country-and country-pair-specific and global variables to account for the degrees of economic development, economic and financial openness, as well as the quality of domestic regulations. We source measures on liquid asset ratios within recipient banking systems, and GDP per capita for both source and recipient countries to compute the cross-product of their combined economic size. These are all sourced from the World Development Indicators ( Lastly, we also consider the effects of global factors in driving sovereign credit risk levels.
We use the VIX from Bloomberg, measuring the implied volatility on S&P 500 index options to proxy global risk appetite. More importantly, we use the change in global cross-border foreign credit claims provided by the BIS to account for time-varying global liquidity levels. Bruno and Shin (2014) illustrate that financial conditions are internationally transmitted via cross-border lending. However, as these two global proxies are clearly correlated, we do not control for them simultaneously in our regression analyses.
Empirical Modelling

The effects of sovereign ratings and associated risk weight changes on bank flows
First, we examine the influence of debtor countries' sovereign credit rating revisions on aggregate bilateral bank flows from each G-10 creditor banking system.
(1)
Our key country-specific variables of interest are lagged sovereign credit ratings changes and their interactions with the time indicator variables for before and after the Basel 2 implementation dates (preB2 and postB2, respectively). 8 Our measure of bank flows,
, is defined as 100 times the log change in quarterly bank claims of all banks in country i (G-10 countries) reporting to the BIS against 77 (j) debtor countries (listed in Table 1 ). We first consider total bilateral bank flows from each G-10 creditor banking system (i) to the 77 borrower countries. The bilateral data is sourced from Table 9B : Foreign claims by nationality of reporting banks, immediate borrower basis, provided by the BIS. These have previously been used in other studies on international bank flows (e.g., Houston, Lin and Ma, 2012).
Changes in sovereign credit ratings in the past quarter are shown as for pre-and post-Basel 2 (B2) periods, respectively. 9 We obtained sovereign credit ratings for the 77 borrower countries from the three major credit rating agencies, Standard and Poor's, Moody's and Fitch, and converted them into numerical scores ranging from 20 for the 8 We use lagged sovereign rating changes as preliminary Granger-causality tests indicate that sovereign ratings information cause changes in cross-border bank claims (i.e., bank flows) from BIS reporting banks from all lender countries (except Canada) to the 77 borrower countries in aggregate and against sectorial borrowers. There is no evidence of reverse causality. We also check the robustness of our results using two quarters' lagged rating changes to account for slow convergence across credit rating agencies. Results are qualitatively similar but much weaker. 9 We also tested an OECD indicator variable for countries that are members of the Organization for Economic Cooperation and Development, as lending to OECD sovereigns was given zero risk weightings under earlier Basel 1 standards. The OECD indicator variable takes a value of 1 for countries that are part of the OECD group and zero otherwise. The results are not qualitatively different from the full sample estimations given that an overwhelming number of our 77 recipient countries are members of the OECD throughout the entire sample period studied.
highest grade (AAA, Aaa and AAA from the three agencies, respectively) to 0 for defaults (SD, C, and D, respectively, see Table 2 ) at the daily frequency. We then calculated cross-agency average ratings for each quarter using the daily rating numbers for each of the three agencies within a quarter. For Standard and Poor's and Moody's, all 77 countries are rated whereas for Fitch only 70 countries are rated. For the 6 countries not rated by Fitch, the cross-agency average ratings are calculated using only the other two rating agencies.
To specifically examine the effects of Basel 2 ratings-contingent capital requirements, we directly investigate the effects of sovereign credit rating changes that lead to risk-weight changes (RWC) and those that do not (NRWC). To do so, we interact Rating changes with two indicator variables for risk-weight changes. RWC takes a value of 1 when the rating movement leads to crossing of risk buckets and zero otherwise whilst NRWC is equal to (1-RWC). The resulting variables are shown as (2) below. Under the standardized approach to credit risk in Basel 2, risk-weights used for the purpose of calculating capital charges are directly mapped to credit ratings and so rating changes across rating categories will lead to changes in the risk-weights applied. For sovereign credit ratings, 0%, 20%, 50% and 100% risk weights apply on sovereign debt for the ratings from AA-and above, between A+ and A-, between BBB+ and BBB-, and BB+ and below, respectively. 10 As shown in Table 2 , in our sample we identify 91 risk weight changes in total, resulting from 48 rating upgrades and 43 rating downgrades out of a total of 757 rating upgrades and 399 rating downgrades, respectively.
We estimate the following regression to ascertain the importance of ratings induced RWCs on international bank flows.
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(2)
The list of control variables used in the above models include: (1) borrower country economic and financial development measures such as GDP per capita, stock market capitalization to GDP and liquid asset ratio sourced from the WDI database; (2) a regulatory quality index extracted from the World Bank's Governance Indicators dataset; and 3) bilateral variables specific to each pair of G-10 lender and 77 borrower countries such as geographical distance in (natural log) kilometers, total trades (export plus import), and long term portfolio flows. Appendix Table 1 provides descriptions of all variables employed in the analyses.
We include borrower country fixed effects to control for unobservable borrower demand and/or quality at the debtor country level. Furthermore, the past quarter's change in bank flows are also incorporated to account for serial dependence in international bank flows. GDP per capita is included to proxy economic development, as there is much evidence in the extant literature showing that economic size and development exerts a major pulling force for international bank lending, especially in the context of gravity models used (Kleimeier, Sander and Heuchemer, 2013) . We use stock market capitalization to GDP (SMCAPGDP) as a proxy for financial market development, as this can influence international bank lending in two ways: it can either reduce the need for international bank lending as there are alternative market-based avenues for potential borrowers to raise the capital required for their investments or financial development can increase lender confidence with credit protection and the development of infrastructure to support financial intermediation. We also consider the liquidity to asset ratio of the borrower country's banking sector. The higher is this ratio the lower is the liquidity risk of the borrower country's banking system, which is attractive for international bank flows. Furthermore, portfolio flows and total trade activity between countries have also been used to better capture financial and economic linkages between lender and borrower countries. Bekaert et al. (2011) 
financial openness for financial market integration and globalization. 12 To control for the importance of regulatory quality in protecting creditor rights, we employ the regulatory quality index from the World Bank's governance indicators dataset (WBGVI) (Kaufmann, Kraay and Mastruzzi, 2009).
The effects of bank flows on sovereign credit risks
To investigate whether and how the use of ratings-contingent banking regulation contributes to sovereign risks around the world, we examine the effects of past bank flows induced by riskweight changes on borrowing countries' sovereign credit default swap (CDS) spreads. CDS spreads capture the forward-looking assessment of market participants on the default risk of sovereigns.
We test two competing views on how international bank flows arising from regulatory risk weight changes might affect sovereign credit risk. First, we consider the "bailout view" which would predict an increase in sovereign risk from the bank flows. It is likely that as the banking sectors in debtor countries become more leveraged via cross-border interbank lending, there is a greater likelihood that they will have to be bailed out by their national governments thereby weakening the perceived financial strength of their governments, which is consistent with Acharya, Drechsler and Schnabl (2014) . Furthermore, as the sovereign obligors become more indebted from issuing sovereign paper to feed the increased demand from international banks, their capacity to repay their debt is hampered and the risk of defaulting on their own sovereign debt also becomes more likely. Second, we consider the "costly default view" which would predict a reduction in sovereign risk from bank flows. Based on the theoretical predictions of Gennaioli, Martin and Rossi (2014) it is also possible that as the banks (in both the creditor and domestic debtor banking systems) become more leveraged the long-term costs of sovereign default for the real economy becomes too great for governments, and they would then be perceived as being less likely to selectively default. We empirically test these two opposing perspectives.
Quarterly changes in CDS spreads are calculated from converting daily sovereign CDS spreads for each borrower country to quarterly averages and then computing quarterly log differences multiplied by 100. The bank flows are as previously defined but we use the first lags to ameliorate endogeneity concerns. These are then multiplied by NRWC and RWC dummies to separately account for the bank flows associated with changes (or non changes) in risk weights. The control variables employed are: (1) bilateral variables specific to each of the G10 lender and 77 borrower country pairs as previously defined and (2) borrower specific variables also defined above and two additional variables that measure global conditions. Global liquidity is captured using the total value of global cross border credits extended (see Appendix Table 1 ). 13 The past quarter's change in CDS spreads are also incorporated to account for serial dependence in spread revisions.
Results
Ratings sensitivity of bank flows pre-and post-Basel 2
The panel regression results for aggregate bilateral flows from G-10 countries to sub-samples of investment-grade and non-investment grade debtor countries as represented in Eq.
(1) are reported in Table 3 . It can be seen in Panel A of Table 3 Table 3 are in stark contrast as ratings changes were mostly significant in the period 13 The VIX was also used as an alternative control variable for global risk appetite as there are extant studies indicating that the VIX is a significant determinant of sovereign CDS spreads (e.g., Longstaff et al., 2011) . We report the results for global liquidity as these not only capture elements of global risk aversion and also the supply of credit in the global financial system over time. 
lenders (all except for Canada, UK and Sweden) during pre-B2 period to non-investment grade borrower countries, were significantly (with a positive sign) influenced by debtor credit ratings changes. This suggests that banks were wary of the additional risks associated with lending to borrowers in non-investment grade countries. The effects of ratings changes were economically important, as a single notch rating improvement would increase bank flows by 3.85 to 12.0 percent in the pre-B2 period. However, in the post-B2 sub-period ratings are only considered by German and UK banks in foreign lending to non-investment grade countries and are largely ignored in cross-border lending decisions by other G-10 countries.
Risk-weight sensitivity of bank flows pre-and post-Basel 2
The results on the influence of rating movements associated with risk-weight changes (RWC) and without (NRWC) on bank flows to borrowers in investment grade and non-investment grade countries are reported in Table 4 . It can be seen in both Panels A and B of Table 4 that since Basel capital rules were implemented in creditor banking systems (post-Basel 2 period), only those sovereign rating changes in debtor countries that lead to material risk-weight changes (RWC) for calculating capital adequacy in lending banks have exerted significant effects on bilateral bank flows. This is the case for cross-border lending to both investment and non-investment grade debtor countries but the effects are statistically stronger in the latter as Italy, UK, US and Switzerland all present positive and significant relations between debtor rating changes associated with RWC and their subsequent bank lending decisions to those debtor countries. The effects are economically significant with a single notch increase (decrease) in sovereign ratings that reduces (increases) riskweights resulting in a 4.0-13.7 per cent increase (decrease) in bank flows in the next quarter. This suggests that the larger risk-weight changes in the non-investment grade spectrum have the most significant influence on international lending behavior.
We do not test the relative effects of different risk-weight increments, as there are too few RWCs to warrant this level of comparison. Nonetheless, when we focused specifically on the effect of risk weight changes across the investment grade boundary (risk weight change from 50 to 100 percent), we did not find that our results across all risk-weight changes are driven by the investment grade demarcation.
Risk-weight sensitivity across sectors
To further improve our identification strategy, we next examine the direct bilateral crossborder lending to borrowers in specifically public and banking sectors using proprietary historical data provided by the Bank for International Settlements (BIS) for a sub-period from Q1:2005 to Q2:2013 and for a subset of five of the G-10 creditor countries for which this data is complete over the sub-period. The results are provided in Table 5 .
The sectorial analysis afforded at the bilateral level using this unique data from the BIS supports our third hypothesis regarding the greater importance of sovereign ratings for international lending to the two sectors for which risk-weight calculations are directly dependent on sovereign credit ratings. We find that cross-border lending to investment-grade borrowers in both public and banking sectors are more sensitive to sovereign credit ratings revisions than the lending made to non-investment grade borrowers. However, interestingly it is foreign interbank lending which has been most significantly influenced by Basel 2.
14 Specifically, interbank lending from international banks in Japan, UK and Sweden to investment-grade banks worldwide have become more significantly affected by ratings-induced risk weight changes since Basel 2 was implemented in the creditor nations. To a smaller degree, interbank lending from international banks in Sweden to noninvestment grade borrowers also became more significantly driven by ratings induced risk weight changes post-Basel 2. However, the effect of Basel 2's rating contingent capital rules on foreign lending to the public sector is also evident with banks in Italy and UK becoming more influenced by sovereign credit rating induced risk weight changes in their lending to investment grade governments in the post-Basel 2 era relative to the total insignificance in the pre-Basel 2 period.
14 We also tested the sensitivity of foreign lending into the non-bank private sector to sovereign credit rating changes and not surprisingly, we find this sector is not responsive to sovereign rating revisions in either pre-or post-Basel 2 implementation periods. It is beyond the scope of our study to investigate the role of corporate credit ratings under different regulatory regimes.
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The sensitivity of US banks' lending to the public sectors of non-investment grade countries also increased post Basel 2.
We attempt to contextualize the profound effect of the implementation of Basel 2 rules on the increased sensitivity of international bank flows to investment-grade sovereign credit ratings revisions revealed in in our regression analyses. In Figure 1 , the fluctuations in total cross-border claims for each G-10 creditor country is shown in the first column and the proportions of the total claims going into investment grade and non-investment grade borrowers over time are shown in the second and third columns respectively. Table 6 ) further supports this perspective. This development is in line with Acharya and Steffen's (2014) findings of carry-trade strategies being used by European banks as they borrowed wholesale funds from US money markets and lent heavily to borrowers in weakening countries like Portugal and Greece.
The evidence taken together, supports our main hypothesis that international banks have been induced by capital rules to lend to those countries with investment grade sovereign credit ratings that convert to relatively lower risk-weights for capital adequacy requirements.
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Effect of bank flows on sovereign risk
The results from Eq. (3) for sovereign CDS spreads in investment grade and non-investment grade debtor countries are reported in Table 7 . Consistent with our ex-ante expectations, we find that sovereign credit risk levels (proxied by sovereign CDS spreads) do increase with regulationinduced bank flows (during post-Basel 2 periods), especially those into investment grade countries as shown in Panel A of Table 7 . The positive relationship is significant in all instances in the postBasel 2 sub-period except for US lending. On the other hand, we find that there is a more dominant negative relationship between regulation induced bank flows and sovereign credit risk levels in noninvestment grade recipient countries post Basel 2 implementation as shown in Panel B of Table 7 .
This result is consistent with Acharya and Rajan's (2013) prediction that governments are myopic
and will do what is necessary to repay their cumulating debts and not choose to default for as long as they can keep borrowing to service their debts. Similarly, Gennaioli, Martin and Rossi (2014) also argue that it is costly for governments to default when banking systems become more levered with foreign bank financing. However, in the case of international lending to investment grade countries, the "bailout view" presented by Acharya et al. (2014) seems to be better supported by the empirical evidence. As the indebtedness of the domestic banking sector increases from the additional foreign credit supply the perceived likelihood of a government bailout that would weaken fiscal strength and feed back to amplify vulnerabilities in the banking system becomes greater, leading to an increase in sovereign CDS spreads (a forward looking market assessment on sovereign default risk). On the other hand, we find that market participants are convinced that the credit risk of non-investment grade recipient countries are actually lowered when they can signal the ability to access international bank financing. If non-investment grade countries choose to default as they become more leveraged, the long-term economic consequences in being cut off from international lenders are even more severe than for investment grade countries. Taken together, there is some evidence to suggest that capital requirement measurement introduced into advanced G-10 banking systems that are based on sovereign credit ratings has contributed to increasing 21 sovereign credit risk levels in investment grade debtor countries by increasing potential bailout costs for their national governments.
Conclusions
In this study, we investigate the effects of credit ratings-contingent financial regulation on bank lending behavior by examining the sensitivity of international bank flows to changes in sovereign credit ratings of debtor countries before and after the implementation of the Basel 2 risk-based capital regulatory rules in G-10 creditor banking systems. We study the bilateral flows from the major creditor banking systems to borrowers in 77 recipient countries over the period from Q4:1999 to Q2:2013. Specifically, we investigated four key research questions.
(1) whether sovereign credit rating revisions have become more important since the implementation of Basel 2 capital rules; (2) whether the introduction of risk-weighting guidelines for minimum capital measurement under Basel 2 increased the sensitivity of international bank flows to recipient countries' sovereign credit rating changes; (3) whether international bank flows to sectors in which risk-weights are explicitly based on sovereign credit ratings are relatively more sensitive to sovereign credit rating changes than other sectors; 4) whether increasing international bank flows induced by Basel 2 risk-weighted capital rules influenced market views on debtor countries' sovereign credit risks.
We find that the influence of sovereign credit ratings has indeed increased for all borrowing countries since the implementation of Basel 2, which introduced regulatory capital charges based on credit ratings for assessing credit risk under the standardized approach. Risk weight changes mapped to sovereign credit rating revisions now exert a more significant effect on international lending decisions by global banks to public and banking sectors consistent with creditor banks responding to the regulatory capital rules and increasing demand for exposures to banking and public sectors. We also find evidence to indicate that the practice of increasing lending to investment grade sovereigns when they present a risk-weight reduction has increased recipient countries' sovereign risk levels suggesting that bailout risks have also become a major concern in advanced economies. There is also some evidence to suggest that bank flows to banking sector 22 borrowers in the investment grade borrower countries are shown to be more sensitive to sovereign rating changes during the post-Basel 2 era. Furthermore, we report that there is a positive (negative) link between bank inflows and sovereign credit risk, as proxied by CDS spreads, for investment (non-investment) grade borrower countries during post-Basel 2 period.
These results have clear implications for the incoming Basel 3 rules that are being phased in from 2011. With an increase in the minimum risk-based capital ratio under Basel 3, as well as narrower definitions for regulatory capital, the link between bank lending decisions and risk weight changes will become even more important. Whilst references to credit ratings have been discouraged in some creditor countries like the US, for the majority of other countries there will be a continual reliance on the use of external credit ratings as measures of credit risk for the purpose of calculating risk-weights in determining minimum regulatory capital.
Whilst we find evidence that ratings-contingent banking regulation has had the effect of concentrating bank credit allocation to particular investment grade countries experiencing sovereign rating upgrades that lead to lower risk-weights, we leave the effects of ratings contingent regulation on bank portfolio diversification and aggregate systemic risk for future research. Table 4 . The effects of sovereign rating and risk weight changes on bilateral bank claims
The table below reports the results of the panel estimations (with country fixed-effects) of quarterly percentage changes in bilateral foreign claims of G10 countries against 77 borrower countries. The subscript j represent the 77 borrower countries and the superscript i represent G10 lender countries. ***, **, * denote significance at the 1, 5, and 10% level, respectively. This appendix presents the effects of sovereign ratings changes on each of the lender country's foreign claims (measured on an ultimate risk basis) on the target countries' public and banking sector borrowers as reported in Table 9E in the BIS's consolidated international banking statistics for the period Q1:2005 to Q2:2013. Out of the G10 country lenders only five countries have consistently reported their banking sector's sectorial breakdown in cross-border positions and these are Italy, Japan, the U.K., the U.S. and Sweden. ***, **, * denote significance at the 1, 5, and 10% level, respectively. Table 4 ) between CDS changes and bank claim changes. The subscript j represent the 77 borrower countries and the superscript i represent the G10 lender countries. ***, **, * denote significance at the 1, 5, and 10% level, respectively. The descriptions of the variables employed in this study and the data sources are provided below. They include the Bank for International Settlements' (BIS) bank claims and sovereign CDS spreads as dependent variables and sovereign credit ratings and other controls as independent variables. The control variables are either bilateral variables which are specific to each lender and borrower country pair, such as bilateral trade, portfolio flows and geographical distance measure, or borrower country specific variables, such as the cross-product of GDP per capita, stock market capitalization, and so on.
Variables Descriptions Data Source Bilateral Bank Claims
Quarterly observations on G10 country banks' foreign claims on intermediate borrower basis to 77 borrower countries, in US$ millions. 
